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5-20 nmO)filKti^Cf»%^4tmM 

(Z)«^»fb«j tit) fit fc r %> 
^^>s ^>*;i^M 

a i - 2 ©^-rn^ti3ffio^m«i«^-;v pats. 

[W«3H4] ±E»«7C**«. ffis Is ft, 
mn^titz 1 2 JU±©^iR£T«J«;*ftT^S£ 

So 
So 

««»*>-;H«SB* (dB) 

[0 0 0 5] flWs affl(4#K**n*8Mft 
itra^iSi: LTtt, »H»«KfcbT»&Jh*ITO 

62-21520 Thin Solid Film 226(199 

3) 104-109 mmi *k ztiz-cmmzti&iTowBi 

©JtifitfiteH^if^ 2 . 4 x 1 0" 4 Q • cmfcaS^teV^ 
ZOfztb, 8 Q/DgKOD^®«JrL**»Sfc«)t 3 0 
OnmkV^flt^BWtiWRfc-ra. ±13 PThin 
Solid Film 226(1993) 104-109 j JC^Tf** JE£ 1 
0 0 0 nmCD I TOM mM&1f»ffi 2 . 4 Q/D) 
SffifflbT2 3 dB©Ilfr>-;i/HMW# ^tl^d 
k*«^UTV^*s. C©ct^3fcJ|[lMTOaHBft*J« 



it i - 6 ©v^rn*fcB3«a)389!«it«^---;i/ h» 

So 

[0 0 0 1] 

ma«pss (emi) *i»±-r*«KiK^— ;i/ Fatse 

[0 0 0 2] 

20 [0 0 0 3] 10»>-;i/ J*»*tt-jKicTia 

(i) sc7?S3a*n^o -ttet>?>s zvafr 
o (:f««^-;i/ K»*tt*©*a»oWtttfc:Ha[ br 

[0 0 0 4] 

= 2 0xiog (Ei/Et) (1) 

* * r w owmwsmz i t o mm*mm l 
[0006] *fc s aw»(&eswi"r*«as«^-;i/K 

-3 0 nxDfiKt»ffllfl5^*TaMffi*««U utlll 
SllBtt I T O^M^aii UT««*n**JB«3t©«K 
iSES/— ^WBt*aSRS*lTV^ («FBBB86 3 - 1 7 3 3 
9 5-^*#JH) o 
[0 0 0 7] 

L£?tTz mmi tzzx\ ±gawtm 
[0008] ^br. jjaawawEfcbTr^x^y* 

^>o 

[0 0 0 9] b^U ^gHB§6 3- 1 7 3 3 9 5^rtm 
ei3B*n*:«aSft*>-;u PMtt I T OSMK«fiJ^ bT 

so ft cod i Tomm*±m<D&otzimTxtim-rz 
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^ »&nfciTow«tts ssMT-ediiKsnsiTO 

[0 0 10] Sfes «FPBB6 3 - 1 7 3 3 9 5^*tC 

sB«*nfc«flasft^-^ FKic^r n^mh i t 

[0 0 1 1] «l/t. ^O^p a p^ctt)$)^V^{i*^C0 
[0 0 12] ^WttCO-taftHlH^l^BbTft* 

[0 0 13] 

[0 0 14] r^to-fes JI#«lfc:«*»!BBU 

u ±sa«flt«^-^ FK©&»E«fb%*K*^ »b 

^fc©ate«b*CJ:6^*ftW«Cfc*1«k 

[0 0 15] C10D»**lfB»©«^«*a 
BMltv/-;v K**fc«fciXttx J5£ 5 - 2 0 nmCDfl 

iRSijRo^wH^aasti^^i^jawKfbKi^ « 

t^Xte 1 8 0-CWT) T±i3aBB»b«S»«ftfiBKT* 

[0016] b**u ±>aarawb*WBHc««$nfc 



■fbary »>A^^6Ti^v^WM?ptt4 ; ft"brv^^fe^ 
awwb«»j»[©Ha8ffli4** b < &mz^& z. 

[0 0 17] HJCx ±IBaOTWb*»IRt:tt«b#U^ 
A<Dffi^«fc©H^*IIKWt»fcttv^7n*(D«fbW 

jR*©«g^5RfcBMb*y^Afc©S^3bW±**Xx ffi* 

[0018] c<z)j:ac±iBaw^««j«©w*fi&tt 
c ^ #t- s * fe ^ wafts'— ;i/ K*DsetM«fc»s 

[0019] ffis t:«*»wtia3v^T«fb#y 

^ACD^fifcbTBu #y!>A7C*k«4:©HW«ft 

iiH»^fe^v>±E5aR©-&if*fi^*fb*y t>i±7m 

20 Btt # £ A> T* £ o 

[0 0 2 0] «kCDH««**KWC»fcaiV^± 

IBtuSI h fck a«ftaT?«t«f £ H*©*** 1 0 atom 
%<tt)/J^V>7C5S*V>V\ ^J^.«s Ti N Zr\ Hfs 
Nb, T a*©iSIBiS©31^^)Kx:* ; C e*<Z>^>* 
FS^&IStu* ;Bi> Ge, S i^a^KTcSt** 

iw&ft*. i*u i*i6cD7c*i**ry *A7c*i:«k© 

H*W**KWfc»fc*v^±»7a*a[)'&W"«K:»b 5 at 

om%feUr&*f *T £ CI b^o 5 atom%*?ig<£>*§ 

30 ±537C^* s 5atom%^^tl^>a0^b^ 
^{b^K±"T 3 C ^ # qjf IK* S * 7? » « o 

[0 0 2 1] *fc, ±aB^^>*T^> *<DWHhto<Dm 
WWiSSV^Ti^ Zr, H f > TaMCe«b< 

M^T-^^o cft&7^©^«i*«d*nfcara»fb* 

I T OIWR^«^T*a)a«f*ftii** 
d h^pjfgh^ t) > jfilS»J«©RS?B5ihJR4: bT^ 

[0 0 2 2] »*3B 2 tl«**B8tt^ i»«^a 

bs «*:©H««*^KWfc:J*fc«:v^±IB7cSI* J N 

[0 0 2 3] <*tc, *«Wtffisa^?flKI*c:n*j8* 

50 <w«jabT*J:vMtft> «*#©»«tt«7c*©ifia* 
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moTzM&m-fbtiZo ft, ctif>o*-e*x jbtgir** 10 
^•^a*(3DfiTA s/ J>«sv^*»e>"??&5o fts ^©»spfiB:3 

atom%^Tfcffl*.£CIk#aS b^o 3 atom%£Mx. £ 

h*«* J WKK«^-^ KtttBO)fiTftffl*JB < . * 
T*£>£o 

[0 0 2 4] "TfctotN »«a 3 fcfll* jBWtt^ it*« 
1-2 8H«<Z)*BB{c«^aW*«*S/— ;i/ FS*6*f?ffl6 20 

fcu ±BaB*«BH* «7c*®iKac*«i»j"r*a«7c 

fg£ 3 atom%J^T^#-r ^ £ £^klT£ SCOT'S) 

So 

[0 0 2 5] *fc. B:^4fc:«3*0J3BU H«a3iB 

a, v^^>>>AMr;i/^-^A^?)i«^nfe ix 
[0026] ft, ±mmmwm<Dmm&5 nmizmtt 

[0 0 2 7] *»WlC«*aW«KiftS/-^ 

ft, — ttfc* §ir^^ri/>f ©St^iBSoata^St® 
4%£@;t. fro, cn6SW** s «SL*tl*^k3fc< 

[0028] ttet>*>, m$tm6\zmzmmz, m&m 
1 ^5ia«©«wfc«aaw«Baft^--;u nas«*«ai 50 



6 

[0 0 2 9] ^©■l«3Bel^:fl^«l8B)it:*^v^T^ SQIS 

cfc«S«*«fi!cSL***. ft, c<3DBflfli:bTtt. 
3W©«^Ka)**ft*-rs*©*s»*bv^. 

*^JPXXI**— ->*TraxftlSbTlW** - k & «Jf£ 

[0030] s fe> W8ma«s^-;u patKK^KaiS 
&n j 3--r2>m<DJ5W:£i br, ±k«k«^>— ;i/ kk©± 

£So 3MH3JI kUTB^ »9WH&*t:aB8» 

y * U >«fj§g^# y $/n*tf vttBBVS' y ^ >a* 
•> A, BWb-fe U ■> A¥©«Wttfb«l ; 08KM U ^ A^c£> 

« if - xcommz mmmm *m b fc^^^/s # 
cDj»***-r*t><3o* s a*b<, sso. 05 

-0.9 >t/m6[)±f3a0^»*^^i5c^ ^feSB^Jii^r 

[o 0 3 1] ft, ±8aaw»*fcbT. aiiMmojBtff 

ViCaUl bT * ©fflffft ***** *S qjf g £ ft 

So 

[0 0 3 2] *fex /l/Mt 
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ditSC hi^SS bOo »#*7fc:«S«lll§tt£©<fc'5 

& a a tc v» t & £ titz t> © r- & & o 

[0 0 3 3] -rfcfc** »*B7fc«**Wtt. it#« 
1 ~ 6 33«ffl%B^{-«SSW?i^^— n> Yg&L&fflSk 

[0 0 3 4] £<©<fc5fc*M4JW*s ^7X^^*1"^^ 
EjfflNffi fc TffiJS^ ft £ M*4* ^ISST 3 £ i: <fc o T 

[0 0 3 5] ^BBJCfliSawafitRfcbTtt^ ^ 

vttviry* /i>AfcbTHU «SS^«©X^H® 
It, **B)Jt:««awafi«i: bT, «*7>f^A**-r 

[0 0 3 6] ;i/ 

[0 0 3 7] t-1\ 8fflSfi±ts 3»9HMb«»JIBk ft 

<, 1 8 0 w CJ^TX^M^S«mjST^M-r^ 

d£#Mi-bUo 

[0 0 3 8] ±sam^^>-;i/ kk©j5Ujhcj6Sc 

Ml bT ^BfiSLffl ©±EIHO £ JKfiR-r * - 1 t & o 
[0 0 3 9] * Its flW*nfc±IB«K*^-^ b"J^ 

©±fc «»tt**r*aw^*»wa»bT«*tt 



[0 0 4 0] Jfcfc^ *»BBC«*aW«Bt«^— ^ HS 

[0041] mmm^tmm^^^^y 

10 CMnc^Mi^^So 

[0042] awasiR* 8 ^^^^*^^^^ 

SfiMftlc|i5»bTfleffl"r*^i:ASqII6^fc*« I£*£ft 
£¥SX&ffiMeM££bTfciu 0*Jx.«> 

20 jg»fbT-e<D^lM^*l55±b, ^fes £<Z>«S^«B 
So ft* -<£>tik ±I3^5^^^^^^;i/A^bT. * 

[0 0 4 3] £tz, araaStEkbT^ ffl*7-f^/A** 

30 ffi^a^^sniHB*^ ft * v^tt*^-^ ;i/^-jg 

[0 0 4 4] 

[«fflO)HSK<o®!B] KIT* BBB*#BHbT*»BB©» 

[0045] c^-isffBF^] z.<Dmmm\z.&z>mm 

1 0±^|li^jg^tlfei5^ 3 9 nmCDaW»fb%»K 

2 1 i:^^ 1 2 nm0^»12 2 ^Jl^ 3 8 nm©a 
KSfb4fef90t2 3 6D=Jl*»6fiEaaW««iifi^-^KIR 

2ot c©awwfc«$'—;i'i s iiJt2 oicii^nt 

JPStt 0.26 /zm©*»attS*-r *«7ktt» 3 0 4: 
[0 0 4 6] ±BaBmMh«bW«2 lXVaWBMb 

bo ij i> A»?rBMb^-^ v*»Sp br«ua**xfcJS6BMh*i 
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i§rif«©7 9aton%i:*sfi, ^b-feU^Att, 

fe^ 8?{b^*>«s ^•^>7U^* s ±IB-&tfS©l Oatom 
2 2«, ^±J|g^i:bcn^latom%©^As^a$ 

[0047] sfc, *t!ca J t±^*-rs±iB^7kttii 3 0 

fciU ¥*S*H10. l/zmffl^^^b^^^^AAs^-iSc^n 10 

*ffl^®(*^0. 1~0. 2 

[0 0 4 8] J:§B^B^b^M2 1, SSJSi$£l2 
2 SVjgBj^b^JBI 2 3 fcfc, ^ ;i/A 

*»£>/£3jlBJ3S1£ 10^18 O^JilTfflffiiBOiJfbfc 

#src-*^y * y >yx&*mm ^x5nm$titzt>(Dx-$> 
fb*;ui"> a &£3-izfrm.$-£%> trnzmmzmim ut 

[0 04 9] eiCD^a^^-;!/ 1 \z&[-f%m 
5 5 0 nmCM) S*f*£«ij7£b;fei:£3, ffi^jfiirt 

[0050] sfe, ±fa^B^sast^-;u kj^2 o ©nr 

5 x 1 0 4 Q • cmf^ofc. 

[00 5 1] ±sffigB^S^i>— ;u HSR 1 £^ 

MfT- l^Sfgbfc^ ^®=£SiagT-^bT^CDit 30 
St4£I¥ffibfci:;r3, ^mMbtt«t^n^*^feo 

[00 5 2] ilfc, ±13jgB^S^^>-;u KS« 1 £ 1 

NcifilbjQgMi;: 1 O^FISilim ^^^aaT-m 

[0 0 5 3] [Sgz:||Sfc7Mg] ±|3MB^SKi: bTJP^ 
0. 7mm©^f9X^jlffl^^S^t. S§-5fESteB<K 

[0054] br, mmmmm->-^ ^maommmi 
mmmtM mm.5 5 0 nmo^) K*f^&aij^b 40 

fci:^^ M«ffiirCfcJ:8Q/CK i^mRtt^fctm 
%T-&ofc. Sfes mSMt-hooJtffititJ*, J^JO. 7 5x 
1 0-" Q • cmT*feofe 0 



[0055] wz, z.a>mwmMtiL*>-}i} : mfc*&n. 

*P X 1 ^J&Mbfc^s ^M£l^agT-IItf?bT^©ifiI 

fee 

[0 0 5 6] ^fc, ±mmwmmm*>—)u yw&l* i n 

bT*©»liSa£fPfiEb;fc„ C©^Jg, ^fbiil 
[0 0 5 7] 

immmm m&m 1 ~ i mmcDmmizm^mmmm 
fets—fr FS^icttiji, ji^ 5~ 2 o nmommmm 

boW&mbVolzxmi&ZtiX^Ztztb, x;iy#<)> 

ytm&m&mmmzxt) y^y,^yyy^ ;ua±cc 
© y << )v Atmm b& ^mm<D{gMTT-±mmwmtMo 
mmzsm? z z. t t^m t & „ 

[0 0 5 8] b*>*N _haBj®B^b^M^W^tlfe 
I?Yb# y £A#M»Ti^W3£S5t4£*bT^£fc«\ 
3SB^b#I»M©W^St4£^ b < Si^t^i £ tf-si 

[0059] it, ±ammm^wmiz &mib# y 

Afflffetffifc«H?g«**fCB<jlc^ffc«:VA5c;l^ct)KfbiKJ 
#^fr;**vrv>£;fe«K 7j<#©?££Tic:fc^T&^i$ 
J^*©$M^ifl^#y ^A^t©@mAmLt£*v ^ 

[0060] z<D&?^±imBmibv>imm<Dmmsm. 

mmmizm^T^&m^nffiMi'—juFitomtym 
m^mt^mm^^^z.iiifiX'§^m^mi,x^^o 

im i ] *mwiz&zmwwm$ii'-)i< ^^mcom^m 

1 mmmm^>-)v na« 
i o mw&fo 

2 0 MB^sa^>-^HM 

2 1 mBmitvomm. 
2 2 ss^^m 

2 3 MB^bfe^ 

3 0 ®tM4J1 
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